turnover were calculated by measuring blood concentrations of deuterium oxide (D 2 O). In general, dogs received 0.3 g D 2 O/kg body weight, with the actual delivered dose calculated as the difference in mass between the filled syringe and needle and the postinjection syringe and needle as measured on a scale accurate to 10 mg. Except where indicated in the description of the specific studies, venous blood samples (6 mL) were obtained from each individual dog immediately before isotope dosing, 4 hours after administration of D 2 O, and at various time points during the exercise challenge. The dogs were allowed to drink water ad libitum throughout the study (except for the 4 hours period immediately after isotope administration) to help ensure normal hydration at the time of blood sample collection.
Study #1 was conducted using 6 unconditioned explosive detection dogs (3 intact males, 3 intact females; 26 6 2 months old; 30.7 6 4.5 kg body mass, body condition score [BCS], 5-6/9) from a single kennel while conducting a 5-day simulated deployment exercise on the kennel premises as previously described. 15 Study #2 was conducted using 9 explosive detection dogs (2 unconditioned and 7 highly conditioned) from a single kennel while conducting a 5-day simulated deployment exercise on the kennel premises as previously described. 7 Unconditioned dogs (1 intact male, 1 intact female; 46 6 3 months old) were 34.5 6 3.3 kg body mass (BCS, 7/9) and highly conditioned dogs (3 intact males, 4 intact females; 44 6 2 months old) were 28.5 6 3.4 kg body mass (BCS, 4/9). 
| Study #3
Both teams finished the race, placing 12th and 14th out of 20 teams.
Eleven dogs raced all 3 stages of the race, 2 dogs did not race all stages, and 3 dogs were dropped from the study because of injection error. Dogs were examined at each sample time point to assess relative hydration and were normally hydrated throughout the study. Background enrichment of the dogs averaged 287 delta/mil, and SC dosing of D 2 O resulted in an average enrichment of >3200 delta/mil. Tap water collected at each checkpoint ranged from 295 to 299 delta/mil.
At the completion of the study period, average enrichment remained >1000 delta/mil in all dogs. Total body water before the start of the race was 14.80 6 1.42 kg (65.6% 6 4.27% body weight) when calculated using the indicator dilution method and 14.77 6 1.36 kg (65.48% 6 4.33% body weight) when calculated using the regression method. A significant effect of team on TBW was found when expressed as a % of body weight (Table 1) . Alaskan Huskies in a stage race situation required 6.56 6 0.83 L (44.43% 6 3.54% TBW per day).
No significant difference was found between males and females in water turnover (P 5 .64). The difference in water turnover per day was not significant between the 2 teams (P 5 .77). Bland-Altman analysis showed low bias and excellent agreement between the 2 methods for calculating TBW. Bias for TBW (kg) was 20.01133 6 0.4168, and for TBW (% of body weight) was 20.08667 6 1.846.
| D ISC USSION
The accuracy of any particular technique or administration protocol for the measurement of TBW depends on the timing of the postindicator sample, with the optimal timing striking a balance between the time required for complete equilibration of the isotopic indicator whereas minimizing the loss of indicator through normal physiological processes. this technique is that it requires multiple samples, thus increasing the cost and duration of the procedure. In addition, it is dependent upon the subjects being in a comparable hydration state at each sampling point, which from a practical standpoint means that the subjects must be normally hydrated. In these studies, we met this latter requirement by scheduling the sampling times for when the dogs had been provided ad libitum access to water for at least 2 hours in the case of the racing sled dogs and overnight in the case of the explosive detection dogs.
Total body water was measured using both approaches, allowing us to compare the results of the different routes of indicator administration for precision and bias as well as the 2 calculation methods. In studies of human subjects, in which isotope is rarely administered by IV infusion and enrichment of body water is often performed by analysis of urine samples, it is generally concluded that both techniques provide comparable results. However, a previous study 12 found that in sedentary dogs that received isotope by IV infusion with body water enrichment determined in serum samples, the indicator dilution method produced higher values than the regression method and concluded that the indicator dilution method was the more accurate of the 2 techniques. In Study #1 (gastrointestinal administration of isotope), there was a bias towards higher results for TBW using the indicator dilution method compared to the regression method, suggesting that either the initial postisotope sampling time was too long (resulting in excessive loss of isotope through physiological processes) or that the sampling time was too short (resulting in insufficient equilibration of isotope between the gastrointestinal tract and the central compartment). In contrast, the bias for Study #2 (IV administration of isotope) was low and for Study #3 (SC administration of isotope) was quite low, with the range of a single standard deviation including zero (no bias). The agreement between the indicator dilution and regression calculations provides some reassurance for the reliability of these approaches to isotope administration, with the very low bias and comparative ease of administration of the SC injection perhaps being the preferred approach for studies such as these.
In Study #3, to account for the possibility of erroneously altered background enrichment affecting results, samples were examined to rule out both the normal kennel environment of the dogs and water sources along the race. Isotope enrichment was measured from pooled blood samples from dogs before isotope administration and samples from water sources taken along the race route. The difference between the tap water enrichment at the checkpoints versus the kennels (represented by pre-race blood enrichment) was miniscule compared to the postdosing enrichment and should not affect the calculation of water turnover. The average pre-race enrichment was 287 delta/mL and the tap water enrichment was 299 delta/mL, which is more than 1,000 times lower than the postenrichment samples.
Total body water results for domestic dogs, as measured using D 2 O dilution, have been published in numerous studies, with mean values ranging from 56% of body mass in healthy sedentary 2-year-old Beagles 9 to 72% of body mass in healthy sedentary random-source adult dogs. 16 A study of racing sled dogs found an average TBW of 66% of body mass. 8 The values measured in our various studies fall within this range, with TBW in retrievers ranging from 60% to 73% of body weight and in sled dogs virtually the same as previously published. 8 One important factor that can result in shifts in TBW as a percentage of body mass is the amount of body fat in the subject. Because body fat contains very little water, dogs with higher BCS will tend to have lower TBW as a percentage of body mass. We believe this is the primary explanation for the differences in TBW% in the retrievers of Studies #1 and #2. All dogs in Study 1 and the unconditioned dogs in Study 2 participated in a minimal exercise program and had higher BCS compared with the conditioned dogs in Study #2 that had undergone an intensive exercise conditioning program. As a result, the conditioned dogs of Study #2 likely had less body fat, resulting in higher TBW%.
The data from Study #3 are consistent with the premise that water usage is influenced primarily by the amount of work done (distance covered) and thus the amount of heat generated, and not by speed or sex. The similarity of water turnover between teams indicates that those physical principles are likely present in all dogs engaged in this activity. There was no team effect on water turnover, further indicating that metabolic requirements for water are not impacted by team-based variables such as diet, racing speed, athletic conditioning, and breeding.
Rather, the most important factor in meeting the metabolic needs of canine athletes appears to be the amount of metabolic heat that needs to be dissipated to remain within physiologic temperatures. Within the speeds and racing distances observed in this study, water turnover appears to be more of a function of distance than speed. Meeting hydration requirements by replacing water lost is important for athletic performance and normal cardiovascular function.
The impact of environmental conditions on water requirements during exercise is complex. High environmental temperatures (such as Studies #1 and #2) would be expected to decrease heat dissipation by conduction and thus indirectly increase reliance on evaporation and water loss for dissipation of metabolic heat. However, cold environmental temperatures (such as in Study #3) will increase obligatory water loss through the respiratory tract because of the passive humidification of inspired air with very low absolute water content. The data in our study provides some examples of the relative impact of environmental conditions on routes of heat dissipation and, by extension, the impact of metabolic heat dissipation on daily water requirements in working dogs. For the sake of illustration, we will assume that 2 L of daily water turnover was lost through a nonevaporative route (ie, urination and fecal water loss), 4 and that the balance of the daily water turnover was lost to evaporation, resulting in dissipation of metabolic heat.
In Study #1, dogs expended approximately 3,446 kcal/day of energy, 7 and assuming that 2.6 L of water were lost each day by evaporation, Conditioning-induced increases in TBW can improve exercise capacity in dogs by 2 physiological mechanisms: expanding plasma volume and increasing the availability of water for thermoregulation. 4 Increasing plasma volume, and thus cardiac output, improves exercise capacity and has been reported previously in other athletic dogs, 17 but because dogs in these studies were unlikely to be exercising at or near maximum cardiac output, the increase in TBW may not improve exercise capacity in this manner. Rather, it is possible that in these dogs (and dogs participating in similar activities), increased TBW facilitates exercise by expanding the water available in the body for thermoregulation. The potential importance of this role of body water in exercise performance in dogs, particularly in dogs performing prolonged submaximal exercise, should not be underestimated.
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In conclusion, our results show that exercising dogs may have remarkably high water requirements when exercising during hot conditions, but that these high water requirements are not necessarily restricted to warm weather exercise. No statistical difference was found between male and female dogs, although there were only 3 females on which to base this trend. Despite differences in training, feeding programs, fitness levels, breeding, and race strategy, overall water turnover remained statistically similar. We obtained values for TBW in Study #3 that were similar in value to previous studies using IV administration of D 2 O, 8, 9, 16 supporting the SC administration of isotope-labeled water in dogs in a field environment. Further work characterizing water turnover and caloric requirements in the various situations under which working dogs perform and race using this newly established SC administration method may provide more information for handlers, mushers, and veterinarians to best care for these canine athletes. Our data indicate that maintenance of hydration may require replacement of > 40% of a dog's TBW each day during periods of high rates of metabolic heat generation, and underscores the potential for rapid dehydration if these losses are not met during athletic activities.
Finally, we have outlined the utility of an alternative method for administration of stable isotopes used for measurement of TBW that was easily performed, well accepted by the dogs and their owners, and resulted in useful data on the water requirements of dogs in a nonlaboratory environment.
